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(54) Measuring the rate of gas flow in a 
duct 



(57) At the place of measurement in the 
duct is a throttling flange (5), or a 
venturi nozzle, and a separate 
measuring duct (9, 10, 13) is connected 
through outlets arranged.upstream and 
downstream of the throttling flange to 
divert a partial gas flow through the 
measuring duct. A temperature 
sensitive, flow sensing resistor (14) is 
attached to a measuring cell (13) in the 
measuring duct and heated electrically, 
preferably at a constant current. The 
voltage drop across this resistor (14) 
consitute the electrical measuring 
output signal. Throttling arrangements 
(11, 12) in the measuring duct ensure a 
laminar flow through the measuring 
cell (13). A temperature compensating 
resistor can be provided. 
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fhaTmethod' meaSUfinS the rate ° f gas f,ow in a duct and des, '9" of 8 sas fl w-meter for performance of 

5 

^HnrtTfthl '™ entlon f relate l to a meth ° d for measuring the rate of gas flow in a duct. The invention also 
includes the design of a gas flowmeter for performance of the method 

Measuring methods known for determining the rate of gas flow in a pipe by means of an electrical 
measuring output signal from a measuring body result in a marked nonlinear relation between the rate of 
-,0 flow and the measuring signal. In actual operation, this nonlinearity must be adjusted in special electronic 
crcurts before a practically applicable control signal is obtained, a procedure which not only requires 
unnecessarily complex equipment, but also increases the risk of erroneous measurements 

It is an object invention is to seek a simple and reliable method for flow controllers to measure flow rates in 
ventilation systems, but also to utilize it more generally in all kinds of connections, where the rate of gas flow 
15 has to be measured. According to the invention there is provided a method of measuring the rate of gas flow 
in a duct in which a throttling flange, a venturi nozzle or a similar device is arranged for measuring purposes 
and to which a measuring duct is connected through pipes and pressure outlets are located upstream and 
downstream of the throttling flange to divert a partial gas flow through the measuring duct, wherein said 
partial gas flow is limited through one or several throttling arrangements located in the measuring duct in 
20 such a way that it thereby is given a laminar flow which is proportional to the pressure drop across the 
throttling flange, is bypassed one measuring cell placed in the measuring duct and provided with a 
temperature sensitive, flow sensing resistor which is electrically heated, and an electrical measuring output 
signal is emitted from the measuring cell. 
Thus, this invention provides a measuring method and a device electrically producing, at the measurinq 
25 body, a measuring signal which is approximately linearly proportional to the rate of gas flow searched for in 2 5 
3 pips* 

A method embodying the invention is hereinafter described by way of example with reference to the 
accompanying drawings. 

30 Brief description of drawings 

Figure ! shows the principle of flow measurement according to known technology by means of an 
electrically heated instrument, e.g., a hot-wire anemometer, located in a ventilation duct or some other pipe 
through which gas passes; K 

Figure 2 shows the principle of flow measurement according to known technology by means of a throttlinq 
35 flange and a differential pressure gauge, 8 

Figure 3 shows the principle of flow measurement by means of the invention; 

Figure 4 shows in detail the design of a gas flowmeter in accordance with the invention; 

Figure 5 shows the design of a measurement and control circuit of a gas flowmeter in accordance with the 
invention; and 

40 Figure 6 is a diagram which shows current variations across a flow sensing resistor as the function of Uv 
measured gas flow in a measuring probe used in a measuring system accoring to the invention 

One of the most commonly used methods to determine a gas flow electrically is to measure, in one way or 
the other, the cooling effect on an electrically heated body placed in a gas flow. The principle of this 
measuring method is illustrated by Figure 1, where R symbolises the resistance of the current passing 

45 through an electrically heated probe 2, 1 the current through the probe and U the differences in current 
between the supply lines 3 and 4. To give a clearer picture of the method, the description contains a number 
♦J ..u ^ ■ ' V k2 " kl0 " bUt Whose exact ex P ressi °n '*s irrelevant forthe further line of reasoning. To ensure 
tnatthe device functions as a flowmeter, resistance R must change according to the temperature but 
completely irrespective of the characteristics of the probe, the developed effect P is in general equal to: 

50 0% 

PslTIrlTI 2 (1) 50 

At equilibrium the same heat effect of the gas flow Ql in the duct is removed according to the formula: 

where At represents the temperature difference between the probe and the gas. If temperature of the probe, 
gas temperature and effect are known, the gas flow can thus be calculated as: 
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(4) 



which, if the gas temperature is constant, can be simplified to: 
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where the constant l 0 is equal to the current atthe gas flow a, = 0 Th* a H ua ^„ a 

isthat it is not necessary to know the exact temoeratura ri I», a :„ 6 advantage of this measuring method 
otherclosely related measuring methods a ^S^^^S^S^h ^ r6aS ° n ' 

to keep the current or the voltage constant Or .the other hanr ba based on tne Possibility, e.g. 
nonlinearity which is expressed by equaSon 5 ' V '° US d,sadvanta 9 e «• the very marked 

Figure 2 shows another known measuring method which, e.g., often is used f nr m n n.,=i - ■ 



Ap s p, - p 2 s & 5 • ^2 
25 which also can be expressed as 



(6) 



(7) 



enlarged scale. In a typical design its diameter can be of the size 3-1 0 mm whereas 2. dlmiSST 
pres^tSp: thr ° tt,in9 arran0ement P roduces «°w q 2 directly proportional to the 
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Combined with equation 7 
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(9) 



is consequently obtained. 
In addition, for an electrically heated probe 14 inserted in the measuring cell equations 1 



and 3 give: 



60 which included in equation 9 results in: 
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l°„ U J e T U ? P ? S f ntthe measuring °utput signal from the probe, and the quotient l/A t is keot 
constant, a completely linear relation can be obtained from equation 11: P 

*l 8 k 10 (U - U o) (12) 

5 

where U 0 correponds to the current overthe measuring probe at the gas flow q, = 0 
If minor deviations from the perfect linearity can be accepted, which often is the case in connection with 

tl^l°r at,0nS ' t r eSPeCia 'L y SimP ' e and re,iab,e Performance of the invent on can be obtained by 
10 keeping the current I constant through the electrically heated probe. This requires that the temperature 

SETF*.^" n0t 8 "°r d t0 VarV t0 ° much ' which can be implemented by makingYh " Jibe ZtZ 
amply heated semiconductor element with a great negative temperature eopffi^nt uZHl .° *. . 
cooled bythegasflowq,, the insignificant temperaScS 

in the resistance R of the probe which, by the constant current I, also gives a considerable increase fn th/ 

15 cTn a tri U b r Zt 0lta9e ? ThiS 'f Sr eff6Ct brin9S about an increased healgeneraZir ^SSSSSS 
contributes to maintaining the temperature of the probe 

3 Sn e rnh B h0 r * diagram ° f a typical exam Ple ° f measurement by means of a device according to Figure 
%l°c £ * . * 'Vn? 1 A S A CaSe OU rOU9h,V °- 4 mm ,arge mermistor which is heated to approSelv 
150 C by a current of 10.0 mA. As appears, the obtained measuring output signal is of an unuswIMaToe 
20 magn tude and the curve deviates only slightly from a straight line within the pressure drop ranges 20 1 50 
Pa , wh.ch corresponds to the normally applicable range of a ventilation system^ 9 

t l- PeCial deSi9P ° f the d6ViCe in Rgure 3 " The entire measuring cell 1 5 can be made in one 
P u aCa ; e f' ^ ° n f d l e -? ast °P e ^tion, which makes it possible for the throttling arrangement s iTand T 9 T 
the supply pipes to be .ntegrated in the measuring cell in the form of capillary?ubes The^pTessure 
25 connection is made to the openings 1 6 and 1 7, and the cavities 20 and 21 counteract ouSk pressure 

on C nS'° nS - J? : leCtr?Ca " y h6ated Pr ° be 23 is attached to the measuring duct 22 mrough the elertrical 
25 ; temperature sensing unit 24, e.g., in the form of an unheated thermistor, aHows 
compensation for changes in temperature of the gas. s 
Figure 5 shows the principle of how the invention in a very simple way may be electronical!*/ i mn | ama „^ 

30 fn 5 ™ 6 C T? 0m iS ' SUC . h triVia ' itemS 38 SUpp,y of current to *• operation^pTme " ST 6 a?d 40 aS not 
wlTh 'Jnt TT th , rOU9 ^ thS e,ectrica,, V heat ed probe 32 is kept constant by the operation ampler 29 
wh ch controls the voltage drop across the resistor 33 to remain equal to the reference vol aae from th P 
voltage stabilizer 26 as obtained across the voltage separator 27-28 The sum of ?• ^olte„?H^„ » .u 
units 32 and 33 is amplified and inverted by the amplifier JESS 'The ^bZ^SS^^SL 
35 V oSrH V ° ,ta9e t0 inV6rted Si9nal fr ° m the unit 36 which corresponds to a subt Son of tSe conttant 
sTonafu Z s aC ; a °nh the T S , t0r 33 and ° f thS V ° ,tage COn8tant U ° in eauation 12 ' relnlerfeo outpu 
p «°-r£ be « ade d ' reCt P r °P orti O"a' to the measured gas flow q v by analogy with the curve in 
" vl 9 H t T . h T S,St0r 43 corresponds to the temperature sensor 24 shown in Figure 4 by^ay of wh^h 
variations in the gas temperature can be compensated. Y 
40 t .' n i i luding . temperature compensation in other parts of the circuit, counter-balancing of the weak bend of 
SiSSXtS!" ^ characteristic ** .means of nonlinear resistance, performance o "part ^of^he signal 

45 CLAIMS 

«imi. a ?H meth0d ° f measur x in S the rate of gas flow in a duct, in which a throttling flange, a venturi nozzle or a 
similar device is arranged for measuring purposes and to which a measuring duct is connected 
pipes and pressure outlets are located upstream and downstream of the thmttTng flange tc ^dlverf a partial 
50 Z JnrZ ° U9h thS measurin 9 duct < herein said partial gas flow is limited through one or several 

throttling arrangements located in the measuring duct in such a way that it thereby is given a taSnar flow 

Sced', S n P th OPOrti0nal - t0 ? 6 Pr8 l SUre dr ° P aCr ° SS the thrott,ing flan 9 a ' is hyPassed^^'rasuri^ 
SSll* k maaSUnng du * and P rovide d with a temperature sensitive, flow sensing resistor wWch f s 
electricaUy heated and an electrical measuring output signal is emitted from the measurfng ce™ 
55 the flow ™ measuring the rate of gas flow according to Claim 1, in which the voltage drop (U) across 
the flow sensing re Sl stor constitutes the electrical measuring output signal, and in which this measuring 

cu rTnt Tlf S , ™ a b E U h Bh f. ,m0 3 ' inear re,ati ° n t0 th8 988 f ' 0W ™ Seanhed for in the main duS ^ keeping the 
S and^fmtnt 3 g V as SenS,n9 ^ 8 ^ relati ° n t0 * a t6mperatUre difference ba ^en sL 
60 thf'f. A method of measuring the rate of gas flow according to Claim 1, in which the voltage drop (U) across 

kSSLn tho 9 ♦ °wu a PP rox 'm ately linear ra,a tion to the gas flow ( Ql ) searched for in the main aurt by 
keeping the current (I) through the flow sensing resistor constant, in which the resistor whichThows a fiSh 
SSSTIi temperatUre c °eff.cient is brought to a high temperature, and in which compensation of changes in 
65 the gas temperature takes place by comparisons of the measured value from the active, flow sensrn^ Resistor 
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with the measured value from a similar, passive resistor arranged in a stationary gas volume at the same 
pressure and temperature. 

4. A method of measuring the rate of gas flow according to Claim 1, in which the voltage drop (U) across 
the flow sensing resistor constitutes the electrical measuring output signal, in which the measuring output 
5 signal is brought into an approximately iinear relation to the gas flow (q^ searched for in the main duct by 5 
keeping the current (I) through the flow sensing resistor constant, in which the resistor which shows a high 
negative temperature coefficient is brought to a high temperature and in which compensation of changes in 
the gas temperature takes place through correction of the measured value from the flow sensing resistor by 
a temperature gauge arranged at said resistor. 
10 5. A method of measuring the rate of gas flow according to Claim 3 or Claim 4, in which the resistor is m 
broughtto a temperature of about 150°C. u 

6. A gas flowmeter for performance of the method according to Claims 1-5, in which supply pipes of the 
measuring duct, throttling arrangements and measuring cell are made up of an integrated duct system in 
one block of arbitrarily selected material, said throttling arrangements being capillary tubes, cavities 

15 moderating interruptions being located between the throttling arrangements and the measuring cell, the 15 
measuring cell contains an electrically heated, flow measuring sensor which is electrically connected 
through isolated connections and in which a temperature measuring device, for instance in the form of a 
temperature sensitive resistor, is placed in the duct system for temperature compensation. 

7. A gas flowmeter for performance of the method according to Claims 1-5, in which supply pipes of the 

2 0 measuring duct, throttling arrangements and measuring cell are made up of an integrated duct system in ™ 
one block of arbitrarily selected material, said throttling arrangements being capillary tubes, cavities 
moderating interruption are located between the throttling arrangements and the measuring cell/the 
measuring cell containing an electrically heated, flow measuring sensor which is electrically connected 
through isolated connections in which a reference transducer identical to the said sensor is located in a 

25 closed reference duct similarto the measuring duct for temperature compensation, and in which said 

reference duct and measuring duct communicate with each other in such a way that the same gas pressure is 
obtained at the reference transducer as at the flow measuring sensor. 

8. A gas flowmeter according to Claim 6 or Claim 7, in which the block with the integrated duct system 
displays a form which is suitable for manufacture by compression moulding, pressing of powder or similar 

30 techniques. 

9. A gas flowmeter according to any of Claims 6 to 8, in which an electronic measuring and control circuit 
which is arranged for treatment of the measuring output signal displays a current controller which is 
provided to supply constant current to the heated, flow sensing resistor, in which an inverting amplifier is 
arranged to amplify the measuring output signal from said resistor and to add a temperature correcting 

35 output signal over a circuit containing a temperature measuring resistor, and in which an inverting end 35 
amplifier is arranged to subtract the constant components from the temperature corrected measurinq output 
signal. 

1 0. A method of measuring the rate of gas flow in a duct, substantially as hereinbefore described with 
reference to Figures 3 to 6 of the accompanying drawings. 

40 1 1 . A flowmeter for carrying out the method of any one of Claims 1 to 5 or 1 0, substantially as 40 
hereinbefore described with reference to Figures 3, 4 or 5 of the accompanying drawings. 
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